The use of bio-based materials as a substitute for synthetic materials has garnered increased attention in previous years, especially their use as natural fibre composites. The main drive for their use is the selection and substitution of conventional materials for sustainable ones. In this context, life cycle assessments (LCAs) can provide a robust analysis for measuring the environmental impacts that occur over the life cycle of a product. Natural fibre composites are materials that can include either natural fibres or biopolymers in their composition. However, the combination of these broad types of materials, including those obtained from non-renewable resources, can make LCA modelling difficult. In this paper, the recent literature involving LCA of natural fibre composites is briefly reviewed, a guide for the composite scientific community is suggested, and the results are applied for this work. This paper reveals that the most difficult phase of life cycle assessments is inventory building related to natural fibres and biopolymers from renewable resources.
Introduction
Life cycle assessment (LCA) is commonly used as a tool to evaluate the environmental impacts of materials, processes or services. Strategies for environmental impact mitigation stimulate both companies that seek to gain competitive advantages by offering greener products and governments that seek to reduce national greenhouse gas (GHG) emissions (Deimling et al., 2008; Hohnen, 2012) . LCA tools compile and evaluate the inputs, outputs and potential impacts of a product system throughout its life cycle (ISO, 2006) . Thus, LCA can incorporate data about a material from its raw state to its final disposal according to the International Organization for Standardization (ISO) standards (ISO, 2006) . LCA is generally composed of four different phases: 1 goal and scope definition 2 inventory analysis 3 impact assessment 4 interpretation.
For a given material, it is necessary to address the material's impacts and identify the opportunities to improve product decision making (Alves et al., 2009) . The interpretation phase is conducted throughout the LCA process by reviewing the overall results obtained and refining the collected data. Data collection is also an important phase in an LCA study, although it is not defined as a phase in the LCA standards. Data collection involves displaying the quality of the acquired data and provides a sense of the quality of the work. The inventory analysis phase must be evaluated continuously and systematically to account for all of a process's inputs and outputs. This analysis has great importance in LCA studies because it is based on the environmental impact assessment. The impact assessment phase is the phase in which the results are obtained; the impacts to their respective processes and flows are also addressed in this phase.
Although the LCA guidelines from ISO explain how to complete a LCA study, specific issues must be considered when modelling natural fibre composites because using materials from either renewable or non-renewable sources to develop composites is not an easy task. Renewable materials, as mentioned above, present particular issues in LCA modelling. Some of the processes, flows, and parameters are presented here, such as carbon uptake and nitrogen cycle data. Composites that are constituted of renewable materials can mitigate environmental impacts; however, it is important to know the crop procedures to obtain the fibres, the transportation used in all phases of production, and the manufacturing processes and chemicals used throughout composite manufacturing to evaluate a composite's overall environmental burden. The main task in crop modelling is to obtain reliable primary data when possible or reliable secondary data from the literature that can accurately represent a production system. Representative data about the crop and its specific region are important for LCA studies, particularly for natural fibre composites, because the crop contributes directly to the environmental performance of the composite material by, e.g., making it environmentally friendly. Thus, it is important to perform a well-detailed LCA study to fully characterise natural fibre composites. The polymer matrix production system should also be clearly characterised to obtain better results.
The authors have more than ten years of experience in the aforementioned areas of study, mainly with polymer composites reinforced with natural fibres. Composites with different matrices, such as polypropylene, polystyrene, polylatic acid and polyhydroxybutyrate, have been studied both individually and with different natural fibres (cellulose from sugarcane bagasse, coconut fibre, rice straw, curauá fibre). In addition, the authors have conducted LCA studies in the research area of biomass (e.g., sugar cane, palm oil, castor oil, beef tallow). This background prompted the development of a guide that scientists in the field of composite materials can use to evaluate their methods and material and that can be a powerful assessment tool for the produced material. Furthermore, this study provides relevant information about environmental impacts and analyses with respect to the material production costs throughout the material life cycle.
Hence, the main objective of this work is to provide a systematic analysis guide for natural fibre composite developers that will allow them to perform robust LCA modelling that encompasses all production phases (i.e., the agricultural and manufacturing phases). This work will help scientists and researchers seek the information that is required for LCA studies on polymer composites that are reinforced with natural fibres. This study will help such researchers incorporate all of the important life cycle study variables, especially in the agricultural phase of natural fibres. Further, this research guides information and data collection during the natural fibre production phase.
LCA modelling

System boundaries
The LCA of natural fibre composites should consider the raw material production, the intermediate processing involving the fibres and matrix production, and the composite manufacturing. Figure 1 shows a general schematic diagram involving the LCA system boundaries applied to composites.
The necessary information about inputs and outputs is provided in each boundary area. Chemicals, energy, water and fuel are the required inputs, and products, co-products, waste and emissions are the required outputs. It should be noted that some outputs can be inputs to other processes. These data are the life cycle inventory that should be collected before beginning an LCA model and should be continuously improved. The system inventory is one of the most important results of a LCA study. It includes all of the data that have been collected to model the process. The inventory can be presented in a detailed form that covers every input and output, or it can be presented in a summarised form that covers only the main inputs and outputs of the processes. Thus, it is important to continuously improve the system inventory because some data may need to be removed or because missing system characterisation information may need to be added. Furthermore, the LCA expert must determine whether various processes within the system boundaries should be included; that decision can only be made based on an ongoing inventory review, in which the process contributions to the final impacts are considered.
Goal and scope definition is a very important phase in an LCA study. The goal and scope will guide the LCA expert to perform the best study in the desired area. Tightly closed and concise definitions of the objective will lead to a better characterisation of the product. The correct definition of the scope of the study also helps characterise the system better, thus avoiding the common mistakes in this type of study, such as neglecting the impacts of accounting. The goal and scope phase must include a detailed description of the system that will be evaluated, including all of the information required to achieve a specific objective. When describing the entire system in detail, it is possible to determine which data should be collected and/or searched for in the literature to supply the model with the relevant data.
Usually, the functional unit applied to natural fibre composites LCA modelling is 1 kg of material. The functional unit is one, which all flows reference; in other words, it is the reference flow of the study. However, the functional unit can change depending on the scope of the study or the system function, e.g., a specific car part. In Figure 1 , a cradle-to-gate LCA is divided into three blocks: raw material production, processing, and product. Transportation between the boundaries is frequently used, and information about the transportation type, fuel consumption and distances must be included in the LCA model. The contributions due to transport inputs are usually neglected because these inputs are small and occur near the main system processes. However, when transport should be considered, the entire fuel production chain needs to be examined to obtain an effective characterisation of the natural fibre composite impacts. In the system boundary of Figure 1 , the use phase and final disposal were not included. Typically, LCA experts do not consider the use phase or end of life because they are more interested in knowing the potential environmental impacts through the gate of the industry. Governments, however, are interested in assessing the use phase and end of life of this type of material because such studies can support public policies that encourage the production of this type of product. The use phase can also change, depending on the composite application. Zah et al. (2007) assumed in their study that the curaua/PP composite was used as a car component, considering the use phase of 150,000 km (10 years, 15,000 km/y) in a Golf IV with specific fuel consumption (i.e., 20% diesel, 80% petrol). In another paper, a PP composite reinforced with China reed biofibres was used in a standard transport pallet and satisfied the service requirements over five years, when it was operated for 1,000 km per year (Corbière-Nicollier et al., 2001) . In a recent paper, glass fibre was replaced with natural cellulose and kenaf fibre in automotive components for a vehicle service life of 180,000 miles, without any changes in geometry and resistance; the only changes occurred in weight. Their system boundaries included the end of life phase of the materials in different cars (Boland et al., 2015) . Hervy et al. (2015) also studied polymer composites reinforced with natural fibres and evaluated the product from a cradle-to-gate perspective and a cradle-to-grave perspective. The decision of which approach to use depends on the desired results and the inventory data conditions. Auxiliary processes such as chemical production, energy production, water abstraction and fuel production were not placed within the boundaries of the system because the impacts considered from their production chain were not part of the scope of the study, as shown in Figure 1 . However, for a better understanding of the entire environmental impact of the natural fibre composite production process, it is necessary to account for these auxiliary processes in an LCA study. Moreover, the end-of-life can include vastly different scenarios for natural fibre composites, including reuse after their first life cycle, incineration to generate electricity, recycling with economic reuse in another component and disposal in a landfill (Luz et al., 2010a) . These materials are special because they have the ability to be nearly 100% recycled (particularly thermoplastic polymers) because reprocessing is simple and easy to perform. The production of polymeric composites reinforced with natural fibres provides another important material feature: biodegradability. There are polymers that are natural and biodegradable, such as polyhydroxybutyrate (PHB) and lactic polyacid (PLA). However, the use of natural fibres favours biodegradability, whereas a smaller amount of polymer should be used when manufacturing the same piece of a neat polymer. For an environmentally friendly composite, recycling is always the best choice because fewer raw materials are needed to produce the same amount of composite. The decision to consider the end-of-life phase can considerably alter the environmental impacts that arise from the disposal of natural fibre composites.
Software packages that perform LCA modelling include consistent and transparent databases for auxiliary materials such as chemicals, fuel, energy and processes, e.g., the Ecoinvent, ELCD (European life cycle database) and BUWAL (Bundesamt für Umwelt, Wald und Landschaft) databases. These commercial databases are always current, and their use is encouraged to save time and effort during model construction. For each process or flow that is obtained from the database, it is possible to change various parameters and adjust these data to adapt the generic process to the specific process being considered (Canals et al., 2011) . Some software brings more than these databases. GaBi is robust software that helps experts perform LCA studies in an easy way. It has its own robust database, with processes that are constantly and globally updated. This software also performs advanced analyses such as sensitivity and statistical data analyses; it has a huge database on environmental impacts and uses several different calculation methods. This software also allows land-use-based analyses and carbon footprints, thus providing the LCA expert with a set of robust tools for the assessment of any product. If the required data are not provided in any database, it is possible to adapt the desired process to the specific approach by changing, deleting or including parameters. Although some databases are termed complete, some inputs and outputs are not provided, mainly for proprietary or country-specific processes. For this reason, primary or secondary data should be used. Primary data are preferable; however, data obtained from the literature can present high-quality information. The quality of this information is essential to achieve a robust LCA model.
Primary data are always the best choice for use in LCA studies and always represent the system better than secondary or database data do. Even laboratory procedures can be used as a primary data source when the study is still in the laboratory scale. If the study is based on primary data, consistent and concise results are obtained.
Before secondary data from literature are used, it is necessary to check the background information that has been collected and ensure that the information is representative of both the region and the process to be characterised. Using non-specific information about the study area leads to inaccurate results and an incorrect assessment of the results. Nevertheless, secondary data from literature can significantly skew the results if they are not well-defined and are within the scope and objectives set for the study.
The process modelling depends on each expert LCA. However, the construction of generic models production is suggested because it is possible to apply one model to several other distinct situations, requiring changes to only the model parameters. The process parameterisation is also a facilitator for building life cycle models. By working with the parameters, it is possible to analyse different production scenarios. By evaluating production scenarios, the LCA study is much more detailed and provides the LCA expert with relevant information on different production scenarios for natural fibre composites.
Natural fibres
For natural fibre composites, in LCA modelling, it is crucial to know the background of fibre production because these composites are produced from an enormous variety of crops (Canals et al., 2011) . Basic agricultural information, such as culture cycle, time, chemical ingredients, land use and CO 2 uptake, are sufficient to undertake an initial life cycle inventory (Weiss et al., 2012) but not a complete one. Table 1 shows the main requirements for the life cycle inventory of natural fibres. This inventory should be as complete and reliable as possible. CO 2 uptake and nitrogen cycle information varies greatly according to the literature and is difficult to obtain as primary data. Chemical inputs should also be recorded whenever possible in the country-specific approach. Accounting flows and processes based on the country to which they belong are of vital importance for LCA studies. The production system used in one country may not be the same that used as in another, leading to inconsistency in the environmental impact results. In addition, the environmental conditions are different in each country, which makes it an important consideration. Even areas within the same country can have, e.g., different soil types and climates, thus highlighting the need to conduct studies with a well-defined objective and scope for the region being considered. Time is another important consideration in the study. There are differences between a fully established culture system and a system that is not yet fully established. When the system is already established, different inputs and outputs of the system exist because the required amounts of raw materials and inputs differ from those required by a production system that is still being established. Modelling a system with the time variable is difficult because it requires a deep knowledge of the crop in question. To simplify such a study, LCA experts generally consider established plantations with well-defined mass and energy flows in their studies.
Natural fibres are provided directly from cultures through leaves, stem or seeds, such as sisal, curaua, fique, cotton and abaca, or they are obtained from an agro-residue, e.g., sugarcane bagasse, straw, rice or coconut shells. In the first case, the main product is the fibre that can be used in several applications such as composites, handicrafts, or furniture. In the second case, the natural fibres are not a principal product; instead, the main product is food, oil or fuel. Allocation and carbon and nitrogen content are necessary in LCA modelling because of the multiple products that can be obtained from crops. When system expansion is not possible, mass allocation is recommended because it describes a physical relationship between the main product and other products. Economic and energy allocations are not recommended because they indicate no physical relationship between the products and can cause distortions in the study. Economic allocation should be avoided because prices are constantly changing. However, when the products' prices differ considerably, it is necessary to use price allocation, even when a given product is much more valuable than others. In this case, regardless of whether mass allocation is made, the environmental impacts of natural fibre composites will be counted incorrectly because the environmental burden will be divided incorrectly, with much of the burden allocated to the lower value-added product.
Some mechanical or chemical processes are required to extract the fibres, even from fibres that are obtained directly from cultures, as shown in Figure 1 . Then, information about energy, fuel, water and chemicals is important for detailing the life cycle inventory, not only for the main process but also for all of the processes considered, when such information is available. For composites, some works note that the necessity of compatibility increases when both fibres and matrices are used. For this reason, chemical and physical modifications and/or surface treatments are proposed. These treatments can include chemical modification by acetylation, benzylation, methylation and mercerisation with a hot NaOH solution (Abdelmouleh et al., 2004; Luz et al., 2008) . These fibre treatments can partially remove the lignocellulosic fibre components, such as lignin, cellulose, hemicellulose and extractives; insert groups that are more compatible with matrices; or create active or porous sites on the fibres, thereby increasing the interaction between the fibre and matrix. This interaction may improve the mechanical properties of the composite. Lignocelulosic fibre components, when they are extracted, may also lead to energy chains with high added value, which leads to the use of allocation when the system cannot be expanded or the use of these currents is not considered.
Compatibiliser agents are also used to promote the contact improvement between the fibre surface and the surface of the polymeric matrix. Chemicals such as maleic anhydride and silane-based compounds are used to promote bonds between the surfaces. In surface treatments, a variety of treatment can be completed. Energy consumption, water use and emissions should be accounted for in the results.
Similarly, the cellulosic nanofibres that are used as reinforcement in some matrices should be considered. In this process, the fibre is submitted to rigorous chemical treatment, including lignin removal and hydrolysis, which use many mechanical procedures, temperatures and reactions in the long term (Figueirêdo et al., 2012) .
Although cellulosic nanofibres show excellent properties themselves, a composite of polymers and cellulosic nanofibres tends to present a huge environmental burden due to the need for severe chemical treatments to obtain the fibres. These chemical, physical and other processes should be considered in the LCA model. Table 1 Inputs and outputs considered for natural fibre inventory and LCA modelling in the agricultural phase
Inputs/outputs/flows Description
Land use Information about native vegetation and time from native vegetation.
Crop conditions Influence about time, space, region and climate.
CO 2 uptake When the plant is growing, the CO 2 is absorbed by biochemical conversion, thereby producing all of a plant's components (Weiss et al., 2012) .
Chemicals Chemicals (fertilisers, herbicides, pesticides) used in planting phase.
Carbon and nitrogen content
Specific carbon and nitrogen content for natural fibre. Energy content Storage of renewable energy in the biomass and net calorific value (Deimling et al., 2008) .
Water content Water content in a natural fibre (Deimling et al., 2008) .
Mechanical operations Soil preparation, fertilisation, spraying, irrigation and harvesting.
Man power It is considered in cultivation where machinery is not or partially involved.
Allocation
Data from products, e.g., oil, grain and fibres. This allocation can be based on mass, energy or economy (Deimling et al., 2008; ISO, 2006) .
Matrix
In polymeric composites, plastics contribute to the environmental impact because of the high energy use and fossil fuel consumption that occur in their manufacturing. Depending on the matrix, i.e., thermoplastic or thermosetting polymers, these composites polymerise biologically or synthetically (Bogoeva-Gaceva et al., 2007; Liptow and Tillman, 2012) . Table 2 shows the various inputs and outputs that are usually considered in polymer LCA models. For the polymers provided from biological processes, the LCA must consider the substrate source (plant, sugar or oil), the microorganisms or enzymes and all of the processes involved. As seen in Table 2 , there are flows that are common to all matrices that can be used. Generally, these processes are well-described in commercial databases for polymer matrices, which are obtained by evaluating the standard industry methods. Thus, only new procedures should be quantified. Using the existing processes and flows in a commercial database is much simpler and provides a faster, more efficient study.
Recently, an LCA model was built for PHB from corn. In this study, the authors considered agricultural production through the PHB fermentation and recovery process (Kim and Dale, 2008) . However, the same polymer is often provided from different sources. Such was the case of polyethylene, which can be manufactured from sugarcane ethanol or crude oil (Liptow and Tillman, 2012) . The LCA was performed for this material from different sources, and the authors concluded that the sugarcane alternative consumes more energy. Moreover, for acidification, eutrophication, and photochemical ozone creation, no significant difference exists between the base materials (Liptow and Tillman, 2012) . Thermosetting polymers are also provided from vegetable, crude oil, and other non-renewable sources (Bogoeva-Gaceva et al., 2007) . Thus, a specific life cycle inventory should be conducted for the fuel and energy consumption, chemicals and biological sources used when modelling the composite matrix.
The use of thermoplastic and thermoset polymers should be thoroughly evaluated. The thermosetting polymers tend to exhibit better mechanical properties when they are combined with natural fibres, whereas thermoplastic polymers lead to less improvement. However, thermoplastic polymers are easier to process than thermosetting polymers are, and the former's further reprocessing is direct, whereas thermosetting polymers cannot be recycled due to the presence of cross-linked bounds in their structure. Thus, composites based on thermoset polymers tend to have greater environmental impacts because of their inability to be recycled.
In addition to matrix modelling, additives are typically incorporated into a matrix to improve the compatibility between the fibre and the matrix, thereby improving the flows during the melting process, acting as a barrier to retard moisture intrusion and biological attack, and impacting heat and ultraviolet resistance (Harper and Wolcott, 2004) . These components are widely used in the field of materials engineering and should be recorded in an LCA study, from raw materials through the industry gate, if possible. If such information is not available, the modelling must be done to disregard the environmental impacts of the production chain of the additive because they are typically used in small quantities. For thermoplastic matrices, there is a possibility that recycled polymers have been used. In this case, the polymer reuse may be a component of the environmental impact mitigation. Table 2 Inputs and outputs considered in polymer matrix inventory and LCA modelling
Inputs/outputs/flows Description
Type of polymer Thermosetting or thermoplastic. If thermoplastic, polymerisation by addition or condensation. If thermosetting, curing agent.
Polymerisation
Biologic or synthetic reaction.
Mechanical operations Production processes of polymers.
Chemicals
Chemicals used in polymer production and processing (precursors, additives).
Effluents
Effluent that leave the system (e.g., thermoplastic condensation polymers).
Electricity use Electricity use can be very high for some types of polymers.
Composite manufacturing
Depending on the matrix, it is necessary to use a different mixing or moulding process. Compounding, thermokinetic processing, extrusion and injection moulding for thermoplastic polymers and compression moulding, thermoforming, resin transfer moulding, vacuum moulding, pultrusion and other process are frequently used for thermosetting polymers (Dittenber and GangaRao, 2012) . These processing methods have the following unique inputs and outputs: electricity, polymers, fibres and composites. For thermoset polymers, the mould influences should be included in an LCA analysis because a mould has specific characteristics for composite production; in other words, its production should be considered when evaluating the composite life cycle. Each process requires fibres with different lengths, and additional additives can be included to improve the processability and compatibility between the matrix and the fibre. In LCA modelling, the additive can be used as an input in various stages of the process, depending on the materials and the composite fabrication methods used. Depending on how the moulding or mixing processes were conducted, the quality of the produced composites will be shown. Composites produced with good coupling between the reinforcement and the matrix tends to be more resistant and, therefore, last longer during the material use phase. Then, fewer environmental impacts are expected for such materials.
In addition, data about energy, water and fuel consumption are desirable for these processes. This information is essential for natural fibre composite LCA modelling. Because processing methods have a huge environmental impact, they should be clearly present in LCA accounting. Composite manufacturing can release gas emissions due to the high temperature, particulate material and waste that occur during processing. These data should be quantified and added to the output side because the volatiles from polymer production are often dangerous and have a high environmental burden. Usually, natural fibre composite manufacturing consumes less energy, incurs less machinery degradation and decreases the maintenance and material reposition compared to the manufacturing of materials that are not from renewable resources (Luz et al., 2010b) .
Environmental impacts discussion
The environmental aspects of composites should be considered in the early stages of design. Further, it is important to consider that natural fibre composites should have the same or superior mechanical and thermal properties compared to the original application (Luz et al., 2010a (Luz et al., , 2010b Zah et al., 2007) . Otherwise, the composite displays inferior properties and will not be cost effective to produce. As previously demonstrated, a complete inventory should be considered for all phases of the process. The end-of-life LCA scenarios should consider aspects related to recycling as well as partial or complete material substitution and disposal, if required.
In the context of results analysis, there are many life cycle impact assessment (LCIA) methods, such as CML 2001, Ecological Footprint and IPCC 2001. Generally, LCA software packages include many LCIA methods in their databases, which offer the possibility of evaluating the environmental performance of a composite in different ways because each method accounts for emissions differently. Therefore, it is up to the LCA expert to determine which LCIA method to use to assess the results. The most relevant and common impact categories for composite materials are primary energy demand [MJ] , which accounts for the primary energy demand by the system (the energy form found in nature that has not been subjected to any conversion or transformation process); global warming potential (kg CO 2 equivalent), which accounts for the greenhouse effect and associates process flows with a CO 2 equivalent; abiotic depletion, which considers the use of abiotic material that is found in nature, such as iron ore; acidification (kg SO 2 equivalent), which accounts for the acidification of soil, water and air with respect to system streams; and eutrophication (kg 3 4 PO − equivalent), which accounts for the eutrophication of soil, water and air with respect to system streams and photochemical ozone creation potential (kg ethane equivalent) (Weiss et al., 2012) . Above all, the impact categories should be chosen carefully based on the goal and scope of the study. In other words, not all of the impact categories should be evaluated in a single study, only those that are significant for the system being evaluated. In some cases, only one impact category will show significant results, so the others can be disregarded due to their lack of overall representation.
The environmental impact results may be represented in various forms. The simplest way is to present the equivalent value (e.g., CO 2 , 3 4 PO , − SO 2 ) directly using only the referenced functional unit. Another way is to present the results on a percentage basis, in which the contribution of each process to the environmental impact of the process as a whole can be seen. These types of presentations can be applied to all processes, ranging from the global to the auxiliary processes. Thus, it is possible to observe the impacts of only the agricultural phase, the matrix and natural fibre processing phase and the composite production phase.
Generally, natural fibre composites present an enormous potential for global warming mitigation because only the CO 2 uptake by the plant is considered in LCA modelling. Moreover, both in the balance and in a cradle-to-gate analysis, the CO 2 uptake contributes to less global warming potential than do the usual materials (Luz et al., 2010a) . However, in the context of other impact categories and considering crop cultivation, there is an increase in the acidification and eutrophication potential because fertilisers and pesticides are used during cultivation. These chemicals undergo transformations in the soil, are absorbed by plants, and are released in the air in the form of volatile compounds; occasionally, the chemicals are leached into rivers and lakes. When biological processes and successive chemical reactions are discussed, even with the CO 2 uptake, the emissions could be high for natural fibre composites because the emissions from these processes are enormous. These emissions are from the material production chain, such as enzymes and sulphuric acid, and can occur for natural polymers, cellulose nanofibres and highly modified fibres.
In general, the natural fibre content in a composite helps mitigate the environmental impacts because the presence of natural fibre is directly associated with the best environmental quality (Luz et al., 2010a (Luz et al., , 2010b . However, if severe chemical or physical treatment is needed, the environmental performance of the natural fibre composite is reduced. The LCA expert must be aware that the use of natural fibres as composite reinforcement can mitigate the global warming potential but may intensify other impacts, thus leaving him to determine whether the inclusion of natural fibres as reinforcement in composites is worthwhile. Furthermore, the increase in certain environmental impacts can be overlooked in view of the improved mechanical properties of the new material.
Conclusions and outlook
The background and a complete inventory on all phases of composite manufacturing involving the natural fibres and matrix production should be considered when deciding to undertake an LCA study. The main findings that should be considered in LCA modelling for natural fibre composites are as follows: 1 the CO 2 uptake and nitrogen cycle for crops are essential information for natural fibres or biopolymers in the overall GHG balance and GWP impact 2 all transportation processes and flows should be considered for a complete life cycle inventory 3 all inputs and outputs in all phases of composite production should be considered, paying particular attention to fuel, energy, water, emissions and waste 4 it is necessary to model end-of-life scenarios for a complete LCA material study.
The LCA expert always makes the decision of whether specific processes should be included. Further, the main challenge for the scientific community in the study of natural fibre composites is inventory building. Primary data, if they can be obtained, are preferable to secondary data. Otherwise, the use of relevant secondary data from the literature that are representative of the product is recommended. In this context, efforts should be taken to obtain complete and robust LCA models.
